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Abstract: Genistein, a major phytoestrogen of soy, is considered a potential drug for the 
prevention and treatment of post-menopausal osteoporosis. Mounting evidence suggested a 
positive correlation between genistein consumption and bone health both in vivo and   
in vitro. Earlier studies have revealed that genistein acted as a natural estrogen analogue 
which activated estrogen receptor and exerted anti-osteoporotic effect. However, it remains 
unclear whether PTH, the most crucial hormone that regulates mineral homeostasis, 
participates in the process of genistein-mediated bone protection. In the present study, we 
compared the therapeutic effects between genistein and nilestriol and investigated whether 
PTH and its specific receptor PTHR1 altered in response to genistein-containing diet in  
the animal model of ovariectomy. Our results showed that genistein administration 
significantly improved femoral mechanical properties and alleviates femoral turnover. 
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Genistein at all doses (4.5 mg/kg, 9.0 mg/kg and 18.0 mg/kg per day, respectively) exerted 
improved bending strength and b-ALP limiting effects than nilestriol in the present study. 
However, genistein administration did not exert superior effects on bone protection than 
nilestriol. We also observed circulating PTH restoration in ovariectomized rats receiving 
genistein at the dose of 18 mg/kg per day. Meanwhile, PTHR1 abnormalities were 
attenuated in the presence of genistein as confirmed by RT-PCR, Western blot and 
immunohistochemistry. These findings strongly support the idea that besides serving as an 
estrogen, genistein could interact with PTH/PTHR1, causing a superior mineral restoring 
effect than nilestriol on certain circumstance. In conclusion, our study reported for the first 
time that the anti-osteoporotic effect of genistein is partly PTH/PTHR1-dependent. 
Genistein might be a potential option in the prevention and treatment of post-menopausal 
osteoporosis with good tolerance, more clinical benefits and few undesirable side effects. 
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1. Introduction 
Osteoporosis is a universal major public health problem which is characterized by low bone mass, 
deterioration of bone tissues and increased risk of fracture. The incidence of osteoporosis varies from 
country to country. Cummings and Melton noted that the risk of osteoporotic fracture in the USA was 
higher in urban than in rural areas [1]. The prevalence of osteoporosis based on bone density at the 
femoral neck was found to be 18~28% in women and 6~22% in men over the age of 50 years due to a 
reduction in endogenous oestrogen production [2]. Estrogen plays crucial roles in maintaining bone 
restoration, in particular for females. And estrogen hormone replacement therapy (HRT) has been 
suggested as the main therapeutic measure for prevention and treatment of post-menopausal osteoporosis 
for decades [3]. However, prolonged HRT therapy is not well accepted due to its potential to increase 
the incidences of breast cancer and cardiovascular events [4]. Therefore, it is urgent for the clinicians 
to develop alternative therapy with less undesirable side effects that can immensely reduce the need for 
drugs usage. 
Although there are few studies indicate negative outcomes, phytoestrogens still raise great interests 
in recent years due to their clinical benefits in a variety of estrogen-dependent disorders [5]. There has 
been considerable interest towards the consumption dietary phytoestrogens and their potential benefits 
to alleviate menopausal symptoms, enhance post-menopausal bone health and reduce cancer risk [6]. 
Among phytoestrogens, isoflavones exerts the greatest advantage because of its abundance in food 
sources, notably soy products, and to their wide commercial availability as nutritional supplements. As 
for osteoporosis, the incidence of fracture has been analyzed among 24,403 post-menopausal Chinese 
women who underwent a soy protein or isoflavone diet for a 4.5-year period. The result showed a 
significant linear negative association between soy protein or isoflavone consumption (≥21 mg daily) 
and fracture risk [7]. Genistein (GEN) is the main soy isoflavone and it is freely absorbed from the 
intestine, and a large fraction is converted to the 7β-O-glucuronide as it crosses the brush border and 
ultimately enters the portal vein. Genistein has been extensively studied for its important hormonal Int. J. Mol. Sci. 2012, 13                 
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properties [8]. Indeed, as suggested by the structural resemblance with the endogenous ligand estradiol, 
genistein shows potent estrogen-like properties both in vivo and in vitro. Abundant studies have 
demonstrated the bone-sparing effects of genistein in experimental animal models. Our previous 
studies have suggested genistein revealed bone sparing effects in ovariectomized rats [9,10]. Bitto et al. 
also showed that genistein restored better quality bone than alendronate, raloxifene, and estradiol [11]. 
Further studies demonstrated that genistein prevented and restored bone in animal models of secondary 
osteoporosis induced by steroids as well [12,13]. Recently, a well-controlled clinical trial revealed that 
3 years of consecutive genistein administration at the dose of 54 mg/day significantly improves bone 
markers at a rate comparable with other standard therapies for osteoporosis in post-menopausal women [14]. 
An estimated average intake of genistein at 0.01–12 mg/day in Asian countries significantly reduces 
the incidence of post-menopausal osteoporosis, whereas genistein rich diet is rare in Western countries, 
which partly explain the lower prevalence of osteoporosis in Eastern countries [15–18]. 
However, besides mimicking estrogen properties, the underlying mechanisms of genistein-mediated 
bone-sparing effects are not fully understood. Parathyroid hormone (PTH) is a major regulator of 
ionized calcium and phosphate concentrations in the blood and extracellular fluids. Parathyroid 
hormone receptor 1 (PTHR1) is a specific receptor for PTH and it belongs to the G-protein coupled 
receptor family [19]. Upon activation in the presence of PTH, PTHR1 triggers calcium and phosphorus 
mobilization, which leads to osteogenesis and bone turnover. The primary target organs for PTH/PTHR1 
are kidney and bone. In the kidney, PTH/PTHR1 stimulate reabsorption of calcium from renal tubules, 
stimulate 1,25-dihydroxycholecalciferol (1,25-(OH)2-VitD) synthesis, and prevent reabsorption of 
phosphate. In bone, PTH/PTHR1 mediate bone resorption by osteoclasts and reduce osteoblast 
proliferation, resulting in calcium liberation and decreased bone mass [20]. Interestingly, intermittent 
PTH administration has been found to increase bone density, improve skeletal architecture, enhance 
biomechanical strength, and reduce fracture risk [21–24]. Therefore, PTH or analogue and PTHR1 are 
potential novel targets for the therapeutic strategy for osteoporosis. But whether PTH/PTHR1 
participates in the bone-sparing effect in response to genistein therapy remains unclear. In this regard, 
the aim of the present study is to explore the PTH/PTHR1 mechanisms of genistein-mediated bone 
protection in ovariectomized rats and to compare clinical beneficial effects between HRT and genistein. 
2. Materials and Methods 
2.1. Reagents 
Medicine: Genistein, 5,7-dihydroxy-3-(4-hydroxyphenyl)-4H-1-benzopyran-4-one (Figure 1A), and 
nilestriol, (8R,9S,13S,14S,16R,17R)-3-cyclopentyloxy-17-ethynyl-13-methyl-7,8,9,11,12,14,15,16-
octahydro-6H-cyclopenta[α]phenanthrene-16,17-diol (Figure 1B), were purchased from Sigma   
(St. Louis, MO, USA). Int. J. Mol. Sci. 2012, 13                 
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Figure 1. Chemical structure of genistein and nilestriol. 
 
Materials: Nine-week old female Sprague Dawley rats (250~300 g) obtained from the animal center 
of the Fourth Military Medical University were used for all experiments. This study conformed to the 
Guidelines for the Care and Use of Laboratory Animals published by the US National Institutes of 
Health (NIH publication No. 85-23, revised 1985). Rats were maintained under controlled conditions 
of room temperature (25 °C), relative humidity (50–80%) and illumination (12 h light, 12 h dark). 
Trizol, RNA PCR kit and DNA Marker DL2000 were purchased from Takara (Otsu, Japan). Rabbit 
anti-PTHR1 antibody and HRP-conjugated goat anti-rabbit IgG were purchased from Abcam 
(Cambridge, MA, USA). HRP-conjugated sheep anti-mouse IgG was from GE Healthcare (Piscataway, 
NJ, USA). Rabbit anti-β actin antibody was obtained from Santa Cruz (Santa Cruz, CA, USA). PCR 
primer for PTHR1 was synthesized by Shanghai Bioengineering Corp. (Shanghai, China). b-ALP 
immunoassay kit was from Metra Biosystems Inc. (Santa Clara, CA, USA) and osteocalcin ELISA 
assay kit from Biomedical Technologies Inc. (Stoughton, MA, USA). PTH ELISA kit was from 
Immutopics Inc. (San Clemente, CA, USA). Chemiluminescence detection kit was obtained from 
Pierce (Rockford, IL, USA). 
2.2. Experimental Protocols 
The animal model of ovariectomy (OVX) was established as previously described. Briefly, rats 
were intraperitonally anaesthetized with 7% chloral hydrate (0.4 mL/100 g body weight). Bilateral 
ovariectomy was performed via a dorsal approach with a small midline dorsal skin incision. One week 
recovery after the surgery, rats were randomly assigned to one of the following six experimental 
groups. There were 20 rats in each group: (1) Sham group (Sham), animals received the operation 
while ovaries were not removed; (2) Ovariectomized group (OVX); (3) OVX + Nilestriol group (NIL): 
rats receive nilestriol diet at the dose of 1.5 mg/kg each week after OVX; (4) OVX + Low dose 
genistein group (GENL): rats receive genistein diet at the dose of 4.5 mg/kg per day after OVX;  
(5) OVX + Medial dose genistein group (GENM): rats receive genistein diet at the dose of 9.0 mg/kg 
per day after OVX; (6) OVX + High dose genistein group (GENH): rats receive genistein diet at the 
dose of 18.0 mg/kg per day after OVX. Diets were prepared by mixing the powdered with genistein or 
with nilestriol in the soy protein-free powdered semi-purified diet containing 0.97% calcium and 
0.85% phosphorus. The rats were allowed to feed on regular diet only after finishing the mixture. After 
12 weeks of treatment, the rats were euthanized by exsanguination under sodium pentobarbital 
anaesthesia after an overnight fasting. Blood samples were collected by cardiac puncture into Int. J. Mol. Sci. 2012, 13                 
 
 
60
heparinized tubes and immediately centrifuged (3500 g for 5 min at 4 °C). The serum was kept frozen 
at −20 °C until analysis. 
2.3. Determination of Bone Mineral Density 
Bone mineral density (BMD) was measured by dual energy X-ray absorptiometry (DEXA)   
(DPX-IQ 7040, Lunar Corp., Madison, WI, USA). Femurs and tibias densities on the left legs were 
measured at the end of the experiment. 
2.4. Femoral Mechanical Testing 
After collection, the length of the left femur and the mean width of the femoral diaphysis were 
measured using a caliper. Mechanical resistance was assessed by a three-point bending test using an 
Instron 8501 material testing system (Instron Corp., Canton, MA, USA). Samples were hydrated in 
physiological saline for 4 h prior to biomechanical testing. The diaphysis in each sample was tested to 
failure in a three-point bending test as we previously described [9,10]. Briefly, samples were placed on 
two supports spaced 15 mm apart to a pre-load of 1 Newton and then deformed at a rate of 1 mm/min 
until failure. The point of failure was defined as a successive drop in load greater than 5%. 
2.5. Serum and Urine Mineral Analysis 
Twenty-four hours of urine was collected from the animals before anaesthesia at the end of the 
study. The urine volume was corrected for the urinary creatinine (Cr) level, which was measured with 
a colorimetric method using a kit from Sigma. Calcium and phosphorus concentrations in the serum 
and urine were measured using commercially available 180-80-Zeeman-corrected atomic absorption 
spectrometer (LEEMAN-LABS, Hudson, MA, USA) according to our previous studies [9,10]. 
2.6. Serum Biochemistry 
Serum samples were used for the measurement of bone-specific alkaline phosphatase (b-ALP), 
osteocalcin (OCN) and circulating PTH. The b-ALP concentration was determined by immunoassay 
(Alkphase-B, Metra Biosystems Inc., Mountain View, CA, USA). The osteocalcin content was measured 
using sandwich ELISA assay kit (Biomedical Technologies Inc., Stoughton, MA, USA) and PTH was 
measured using an ELISA kit (Immutopics Inc., San Clemente, CA, USA) according to the 
manufacturer’s instructions. 
2.7. RNA Isolation and Reverse Transcription-PCR 
Total RNA was extracted with Trizol reagent according to the manufacturer’s instructions.   
First-strand cDNA was prepared from 1 μg of total RNA using the Thermoscript reverse transcription-PCR 
system from Invitrogen. PTHR1 and β-actin transcripts were amplified by PCR using specific primers; 
PTHR1 sense: 5′-AGCGAGTGCCTCAAGTTCA-3′; anti-sense: 5′-ACAGCGTCCTTCACGAAGAT-3′; 
β-actin forward 5′-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3′; reverse 5′-CGTCATACTCCT 
GCTTGCTGATCCACATCTGC-3′. PCR reactions were carried out with 1 unit of Taq polymerase in 
a total volume of 50 μL, and amplifications were carried out in a Peltier Thermal Cycler from MJ Int. J. Mol. Sci. 2012, 13                 
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Research. PTHR1 amplification was done for 35 cycles (95 °C for 10 s, 60 °C for 20 s, and 72 °C for 
15 s, followed extension at 72 °C for 10 min) and β-actin amplification for 20 cycles (94 °C for 35 s, 
58 °C for 35 s, and 72 °C for 40 s, followed extension at 72 °C for 10 min). PCR products were 
analyzed on a 2% agarose gel and visualized by ethidium bromide staining. 
2.8. Western Blot 
For studying PTHR1 expression in femora tissues, femora were dissected from the animals and 
immediately stored in liquid nitrogen. Pooled frozen tissue was powdered and homogenized in   
Tris-EDTA buffer (pH 8.0). Protein concentrations were determined and equal amounts of sample 
were loaded on SDS-PAGE. After electrophoresis and separation, samples were transferred onto 
nitrocellulose membranes. Non-specific binding was blocked by incubating the membranes in 5%   
non-fat milk in Tris-buffered saline plus 0.1% Tween-20 (TBST) for 1 h at room temperature, 
followed by overnight incubation with the indicated antibodies. The immobilized PTHR1 proteins 
were quantitatively detected using rabbit anti-PTHR1 monoclonal antibody overnight at 4 °C followed 
by HRP-conjugated goat anti-rabbit IgG. β-actin was selected as an internal control. Protein bands 
were visualized by chemiluminescence with the enhanced chemiluminescent detection kit according to 
the manufacturer’s instructions. 
2.9. Immunohistochemistry 
At the end of the present study, bilateral kidneys were removed for the detection of PTHR1. The 
kidneys were cleaned of soft tissue and placed in fixation fluid containing 4% paraformaldehyde. After 
24 h of immobilization, the kidneys were embedded with paraffin and cut into a 5 μm thick slice. Slice 
was mounted on a glass slide and subsequently placed in dimethyl benzene for deparaffinization. 
Tissue samples were therefore incubated with rabbit anti-rat PTHR1 antibody overnight at 4 °C. Slice 
was washed with 0.01 M PBS followed by HRP-conjugated goat anti-rabbit IgG for 2 h at room 
temperature. PTHR1 in kidney was visualized by DAB reaction in 0.3% hydrogen peroxide. 
2.10. Statistical Analysis 
Data are expressed as means ± SD. Differences between groups were analyzed by one-way analysis 
of variance (ANOVA) followed by LSD post hoc test using SPSS statistical software [25]. Significance 
was considered at * P < 0.05 and ** P < 0.01. 
3. Results 
3.1. Body Weights 
Body weights were monitored weekly throughout the experimental period using a digital portable 
scale (Model XP-1500, Denver Instrument). As expected, the body weights were greater for animals in 
the OVX treated groups compared with the sham group. The body weights decreased after nilestriol 
and genistein replacement therapy in OVX rats. There were no statistically significant differences in 
weights observed between any of the active treatment groups (Table 1). Int. J. Mol. Sci. 2012, 13                 
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Table 1. Body weight (g) in the sham and ovariectomized rats supplemented with nilestriol 
and different dose of genistein. 
  0 week  1 week  2 weeks  4 weeks  8 weeks  12 weeks 
sham  229.6 ± 7.1  248.3 ± 9.7  242.5 ± 10.3  252.8 ± 14.8  303.3 ± 23.7  324.3 ± 35.2 
OVX  223.4 ± 19.1  254.7 ± 28.2  273.4 ± 15.3 
a  298.0 ± 32.6 
a  310.7 ± 23.0  325.3 ± 31.7 
NIL  226.3 ± 15.3  246.2 ± 12.9  250.1 ± 4.8 
b  264.9 ± 21.9 
b  277.2 ± 14.7 
b  297.1 ± 27.5 
b
GENL  228.7 ± 11.2  250.9 ± 10.3  265.2 ± 25.3  276.1 ± 24.2 
b  280.7 ± 35.9 
b  312.8 ± 26.7 
GENM  225.5 ± 13.3  262.2 ± 13.4  268.0 ± 14.7  284.6 ± 17.5 
b  329.7 ± 20.5 
b  347.7 ± 31.2 
b 
GENH  227.4 ± 9.8  255.0 ± 18.1  261.4 ± 8.7  275.2 ± 10.5 
b  312.1 ± 22.4  328.8 ± 36.3 
n = 20, 
a P < 0.05 vs. sham; 
b P < 0.05 vs. OVX, respectively. 
3.2. Bone Mineral Density 
As shown in Figure 2A, the femoral BMD was 0.130 ± 0.020 g/cm
2 in sham group rats. Animals 
underwent bilateral ovariectomy revealed 23.8% reduction in BMD in the present study (P < 0.05). 
Treatment with genistein at the dose of 4.5 mg/kg (GENL), 9.0 mg/kg (GENM) and 18.0 mg/kg 
(GENH) appreciably recovered the loss of BMD to 0.146 ± 0.018 g/cm
2, 0.141 ± 0.027 g/cm
2,  
0.150 ± 0.023 g/cm
2, respectively (P  < 0.01), in comparison with 0.100 ± 0.018 g/cm
2 in 
ovariectomized animals. 
We evaluated the beneficial effects of genistein treatments on tibia BMD as well (Figure 2B). The 
BMD of tibia in all six experimental groups showed a similar tendency as that of femur. Tibia BMD in 
OVX group significantly decreased to 0.094 ± 0.014 g/cm
2 compared to 0.110 ± 0.010 g/cm
2 of sham 
group. In the groups of different genistein dosages, the tibia BMD of OVX rats were all improved up 
to 0.126 ± 0.015 g/cm
2, 0.130 ± 0.018 g/cm
2 and 0.136 ± 0.020 g/cm
2 after 12 weeks of treatments. No 
significant difference between nilestriol and each genistein treated groups was observed. 
Figure 2. Bone mineral density (BMD) measurement of femur (A) and tibia (B). BMD 
significantly decreased in the animal model of ovariectomy (OVX) compared with the 
sham group animals. In the presence of nilestriol and genistein, BMD was recovered. 
Genistein dose-dependently enhanced femur and tibia BMD, and these effects were 
statistically significant. There were no significant difference of BMD between NIL and GEN 
groups. * P < 0.05 vs. sham group, ** P < 0.01 vs. OVX group. 
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3.3. Mechanical Properties 
The mean length and width of the left femur were monitored at the end of the present study. There 
was no significant change in length and diameter among all the experimental groups (data not shown). 
We next characterized the influence of genistein on bone mechanical properties. In the results 
obtained from the three-point bending test of the femur, OVX rats had significantly reduced breaking 
strength compared with sham group rats (P < 0.01). As illustrated in Figure 3, all the pharmacological 
treatments succeeded in improving the breaking strength of the femur (P < 0.05). 
Figure 3. The mechanical failure properties of the femora in the sham and ovariectomized 
rats supplemented with nilestriol and different dose of genistein were conducted using an 
Instron 8501 material testing system. Femur bending strength markedly decreased after 
ovariectomy (** P < 0.01 vs. sham group). Treatment with nilestriol or genistein at any 
dosage significantly limited the failure properties that were induced by ovariectomy   
(* P < 0.05 vs. OVX group). 
 
3.4. Serum and Urine Minerals and PTH Levels 
To determine the genistein dosages that respectively associate to the levels of serum and urine 
calcium, phosphorus and circulating PTH, we further examined these minerals and hormone contents 
in OVX rats that were administered various doses of genistein (Table 2). Ovariectomy increased 
urinary calcium and phosphorus excretion, as well as decreased serum calcium and phosphorus level in 
ovariectomized rats, when compared to the sham group. Nilestriol treatment significantly reversed the 
changes of serum minerals and urinary calcium induced by ovariectomy in rats. Genistein at all doses 
enhanced serum mineral levels while attenuated minerals excretion in urine, and these effects were  
dose-dependent. Upon higher dose genistein diet feeding, the minerals restoring effects were prior to 
those recorded in NIL group. 
Consistent with the serum calcium and phosphorus levels changes, circulating PTH in the OVX 
group rats was significantly lower than in the sham group. The PTH concentrations in the NIL, GENL 
and GENM groups animals revealed a slight increase but there were no statistically significant 
differences when compared with the OVX group. Genistein at a relatively high dose (18.0 mg/kg per day) Int. J. Mol. Sci. 2012, 13                 
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raised 26.7% PTH levels in ovariectomized rats. And the difference of PTH between GENH and OVX 
groups was significant. 
Table 2. Serum and urine minerals and circulating parathyroid hormone (PTH) 
concentrations in the sham and ovariectomized rats supplemented with nilestriol and 
different dose of genistein. 
Group Serum  Ca 
(mmol/L) 
Serum P 
(mmol/L) 
Urine  
Ca/Cr 
Urine  
P/Cr 
PTH  
(pg/mL) 
Sham  2.15 ± 0.53  2.39 ± 0.24  0.30 ± 0.03  4.47 ± 0.23  108.54 ± 12.36
OVX  1.72 ± 0.36 
a  2.00 ± 0.39 
a  0.58 ± 0.02 
a 5.85 ± 0.30 
a  75.14 ± 17.49 
a
NIL  1.90 ± 0.63 
b  2.21 ± 0.32 
b  0.35 ± 0.01 
b 4.82 ± 0.43 
b  83.43 ± 20.78 
GENL  1.83 ± 0.40 
b  2.45 ± 0.38 
b  0.49 ± 0.06 
b 5.48 ± 0.14 
b  78.62 ± 18.95 
GENM  2.09 ± 0.31 
b  2.63 ± 0.84 
b  0.37 ± 0.05 
b 5.00 ± 0.36 
b  80.23 ± 22.54 
GENH  2.12 ± 0.42 
b  2.71 ± 0.75 
b  0.32 ± 0.02 
b 4.64 ± 0.20 
b  95.37 ± 21.57 
b
n = 20, 
a P < 0.05 vs. sham; 
b P < 0.05 vs. OVX, respectively. 
3.5. Effects of Genistein on Serum Bone Markers 
At the end of experiment, serum levels of b-ALP, a marker of bone formation, were 2.15-fold 
higher in the OVX group compared with the baseline (P < 0.05). The increase in b-ALP concentrations 
was attenuated in the presence of nilestriol. Genistein rich diet also significantly reduced serum b-ALP 
levels in OVX rats (P < 0.01). Indeed, a great dose of genistein did not cause a great reduction in 
serum b-ALP (Figure 4A). However, ALP levels were not restored to sham levels in the presence of 
NIL and different doses of GEN. 
Figure 4. Effects of genistein on serum bone-specific alkaline phosphatase (b-ALP) and 
osteocalcin (OCN) concentrations in ovariectomized rats supplemented with nilestriol and 
different dose of genistein. (A) b-ALP markedly increased after ovariectomy (** P < 0.01 
vs. sham group). Treatment with nilestriol (** P  < 0.01 vs. OVX group) or genistein   
(* P < 0.05 vs. OVX group) at any dosage significantly limited b-ALP concentrations;  
(B) Serum OCN significantly increased in the animal model of ovariectomy (* P < 0.05 vs. 
sham group). Administration of nilestriol or genistein at any dose did not restore 
circulating OCN concentrations. 
 Int. J. Mol. Sci. 2012, 13                 
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Regarding osteogenesis, circulating OCN was measured at the end of the present study as well.  
The serum levels of OCN were 15.1% higher in the OVX group than in the sham group (P < 0.05). 
Nilestriol at the dose of 1.5 mg/kg did not restore serum OCN concentrations. This physiological 
process was not prevented by a genistein diet. 
3.6. PTHR1 Expressions in Femoral Tissues 
To identify a PTHR isoforms, mRNA from femoral tissues was analyzed. As shown in Figure 5A, 
PTHR1 mRNA amplification by RT-PCR generated a fragment at 227 bp with high abundance. 
Expressions of β-actin mRNA were coherent among all the six groups. The ratio of PTHR1 mRNA to 
β-actin mRNA decreased in ovariectomized rats. Nilestriol failed to reverse PTHR1 mRNA/β-actin 
mRNA ratio in the animal model of ovariectomy. PTHR1 mRNA to β-actin mRNA ratio was 
recovered in response to genistein treatment at all dosage compared with the sham group animals. 
There was a tendency for a higher ratio of PTHR1 transcripts to β-actin mRNA in ovariectomized rats 
underwent higher dose genistein treatment. To determine the expressions of femoral PTHR1 protein in 
response to different treatments, Western blotting analysis of the PTHR1 protein was employed. 
Bilateral ovariectomy induced a reduction of PTHR1 content in femur. The impairment of PTHR1 
protein did not alleviate in the presence of nilestriol. Nevertheless, genistein treatment at any dose in 
ovariectomized rats could enhance the expressions of femoral PTHR1 proteins compared with the 
OVX group animals. There was a tendency for enhanced PTHR1 protein expressions in 
ovariectomized rats that underwent higher dose genistein treatment as well (Figure 5B). 
Figure 5. Effects of genistein treatment on parathyroid hormone receptor 1 (PTHR1) 
expressions in femur. (A) RT-PCR revealed decreased expression of PTHR1 mRNA in the 
animal model of ovariectomy. Nilestriol did not alleviate PTHR1 impairment. Genistein 
treatment recovered PTHR1 mRNA expressions in ovariectomized rats; (B) Western 
blotting analysis of femoral PTHR1 proteins showed impaired PTHR1 protein content in 
ovariectomized rats. Administration of nilestriol failed to reverse PTHR1 protein expression 
while genistein enhanced PTHR1 protein content compared with the OVX group. Genistein 
dose-dependently elevated both PTHR1 mRNA and protein expressions in ovariectomized rats. 
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3.7. Localization and Distribution of PTHR1 in the Kidney 
To further demonstrate whether the bone-sparing effect of genistein was mediated by PTHR1, 
PTHR1 immunoreactivity was studied in sections to assess the localization and distribution of the 
polypeptides within the kidney (Figure 6). In order to clarify effect of genistein on PTHR1 
polypeptides expression, kidney samples from the GENH groups were detected. In normal female rats, 
PTHR1 was localized in the kidney mesenchyme. In the animal model of OVX, PTHR1 immunoreactivity 
was localized to a significantly lesser extent with reduced signals within kidney. However, exposure to 
nilestriol, an ectogenic estrogen analogue, did not alter the localization and distribution of PTHR1 after 
ovariectomy recovered compared with the OVX group animals. Treatment of ovariectomized rats with 
genistein caused significant recovery of PTHR1 expressions as evidenced by enhanced distribution and 
signals of PTHR1 immunoreactivity. 
Figure 6. Location and distribution of PTHR1 immunoreactivity in the kidney.   
(A) sham group; (B) Ovariectomized (OVX) group; (C) OVX+ Nilestriol group (NIL);  
(D) OVX+ High dose genistein group (GENH) (18 mg/kg), respectively. The PTHR1 
positive region was marked with black arrows. Original magnification ×400. 
 
4. Discussion 
The present study demonstrates that genistein treatment exerts bone-protective effect in the animal 
model of ovariectomy. Our major findings are summarized as follows: (1) Genistein administration 
improves BMD and mechanical properties in ovariectomized rats; (2) Genistein prevents post-menopausal 
osteoporosis by alleviating mineral loss and PTH impairments; (3) Administration of genistein limits 
the elevation of serum b-ALP concentration and might promote osteogenesis; (4) PTH and its receptor 
might participate in the process of genistein mediated osteoporotic-limiting effect. Int. J. Mol. Sci. 2012, 13                 
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Estrogen deficiency in post-menopausal women markedly increases the incidence of osteogenesis 
and osteogenesis-associated fracture and ectogenic estrogen hormone replacement therapy (HRT) has 
been suggested as the first-line treatment for osteogenesis in estrogen deficient women. Nevertheless, 
prolonged HRT is not well-tolerated due to relatively high incidence of breast, endometrial and in 
elevated levels of ovarian cancer risks as well as cardiovascular outcomes manifested as venous 
thromboembolism and stroke [4,26]. Genistein is a natural phytoestrogen derived from soy   
products [27]. Increasing lines of evidence suggest that genistein provides abundant clinical benefits in 
humans and in various animal models. Meanwhile, the genistein rich diet is well tolerated. According 
to Marini et al., the maxium genistein intake in their randomized clinical trial reached as much as   
54 mg/day without signs of undesirable side effects [14]. Several studies have shown genistein-
containing diet exerts estrogen-like effects in estrogen deficient animals as well as in post-menopausal  
women [5–8]. Other studies also highlighted genistein successfully managed vasomotor symptoms in 
post-menopausal women, exerted anxiolytic and anti-depressant effects in experimental animal models, 
revealed an excellent cardiovascular safety and positive cancer risk profile in several well controlled 
clinical trials [28–32]. Our previous in vivo studies showed short-term (4 weeks) supplements with 
genistein extracted from Sophora japonica–Leguminosae prevent osteoporosis in estrogen deficient 
rats [9]. To compare the therapeutic effects between HRT and genistein against osteogenesis, we used 
the animal model of bilaterally ovariectomy, which imitates accelerated bone loss due to estrogen 
deficient. Consistent with our previous reports, we found long-term (12 weeks) administration of 
commercial available genistein at three different doses prevented bone loss as well. We observed 
administration of genistein at all dosage could significantly preserve BMD and bending strength drop-
off in ovariectomized rats. 
As pointed out by Lynch et al., serum b-ALP and OCN concentrations have a negative correlation 
with osteogenesis [33]. In our experiment, limited b-ALP levels in response to genistein might indicate 
enhanced osteogenesis and calcium deposition. But our result on serum OCN, the most prevalent   
non-collagenous protein that synthesized almost exclusively by mature osteoblasts and odontoblasts in 
bone, showed no significant changes among all the active treated groups. It is noted ovariectomy 
caused a significant drop in serum minerals concentrations whereas promoted minerals losses after 
ovariectomy. Administration of nilestriol efficiently restored serum minerals contents and prevented 
minerals loss in urine. In each genistein treated groups, genistein dose-dependently restored serum 
minerals and inhibited minerals excretion, and these effects were statistically significant compared 
with the OVX group. Interestingly, we also observed a reduction of circulating PTH in ovariectomized 
rats. Nilestriol failed to inhibit the drop in circulating PTH concentration while ovariectomized rats 
supplemented with genistein showed a tendency for an increase in PTH concentrations. Based on the 
established effect of genistein against osteogenesis, our data suggested a potential cross-talk between 
genistein and PTH/PTHR1. 
For these reasons, correlation between genistein and PTH/PTHR1 were analyzed to shed light on 
the new mechanisms of osteogenesis-limiting events initiated by genistein. RT-PCR and Western blot 
results showed ovariectomy impaired PTHR1 expressions at mRNA and protein levels in the femoral 
tissue in comparison with the baseline. PTHR1 mRNA and protein aberrations were not ameliorated 
after nilestriol therapy. Conversely, restored PTHR1 mRNA and protein expressions were observed in 
femoral tissue in ovariectomized rats supplied with different doses of genistein. Kidney specimens Int. J. Mol. Sci. 2012, 13                 
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from different groups were studied for the location and distribution pattern of PTHR1 immunoreactivities 
as well. In agreement with RT-PCR and Western blot findings, visualized PTHR1 immunoreactivity 
by PTHR1 specific monoclonal antibody showed a reduction in the location and distribution of PTHR1 
after ovariectomy. Nilestriol failed to counteract PTHR1 turnover while genistein extend PTHR1 
immunoreactive location and distributions in ovariectomized rats. These results might explain the 
prominent profile of genistein on restoring serum minerals while alleviating mineral excretion in   
the urine. Herein, it is reasonable to believe the anti-osteoporotic effect of genistein is partly 
PTH/PTHR1 dependent. 
5. Conclusion 
In summary, the present study highlights beneficial effects of genistein in the treatment of 
ovariectomy-induced osteoporosis. Genistein restores bending strength, BMD and minerals together 
with serum bone markers in ovariectomized rats. Furthermore, genistein alters circulating PTH 
concentration and PTHR1 expressions in bone as well as in the kidney. Our study reports for the first 
time that genistein administration could modulate PTH/PTHR1 expressions at mRNA and protein 
levels in ovariectomized animals. Apart from acting as an estrogen analogue, genistein might interact 
with PTH/PTHR1 during ovariectomy-induced osteoporosis. This novel finding suggests the   
bone-sparing effect of genistein in estrogen deficient rats is partly PTH/PTHR1-dependent. Therefore, 
genistein might be a potential option in the therapeutic strategy of post-menopausal osteoporosis with 
good tolerance and few undesirable side effects. 
References 
1.  Cummings, S.R.; Melton, L.J. Epidemiology and outcomes of osteoporotic fractures. Lancet  
2002, 359, 1761–1767. 
2.  Paoletti, A.M.; Floris, S.; Mannias, M.; Orrù, M.; Crippa, D.; Orlandi, R.; del Zompo, M.M.; 
Melis, G.B. Evidence that cyproterone acetate improves psychological symptoms and enhances 
the activity of the dopaminergic system in postmenopause. J. Clin. Endocrinol. Metab. 2001, 86, 
608–612. 
3.  Nelson, H.D. Menopause. Lancet 2008, 37, 760–770. 
4.  Writing Group for the Women’s Health Initiative Investigators. Risks and benefits of oestrogen 
plus progestin in healthy postmenopausal women: principal results from the Women’s Health 
Initiative randomized controlled trial. JAMA 2002, 288, 321–323. 
5.  Levis, S.; Strickman-Stein, N.; Ganjei-Azar, P.; Xu, P.; Doerge, D.R.; Krischer, J. Soy isoflavones 
in the prevention of menopausal bone loss and menopausal symptoms: A randomized,   
double-blind trial. Arch. Intern. Med. 2011, 171, 1363–1369. 
6.  Duncan, A.M.; Phipps, W.R.; Kurzer, M.S. Phyto-oestrogens. Best Pract. Res. Clin. Endocrinol. 
Metab. 2003, 17, 253–271. 
7.  Zhang, X.; Shu, X.O.; Li, H.; Yang, G.; Li, Q.; Gao, Y.T.; Zheng, W. Prospective cohort study of 
soy food consumption and risk of bone fracture among postmenopausal women. Arch. Intern. 
Med. 2005, 165, 1890–1895. Int. J. Mol. Sci. 2012, 13                 
 
 
69
8.  Gutendorf, B.; Westendorf, J. Comparison of an array of in vitro assays for the assessment of the 
estrogenic potential of natural and synthetic estrogens, phytoestrogens and xenoestrogens. 
Toxicology 2001, 166, 79–89. 
9.  Wang, Z.L.; Sun, J.Y.; Wang, D.N.; Xie, Y.H.; Wang, S.W.; Zhao, W.M. Pharmacological studies 
of the large-scaled purified genistein from Huaijiao (Sophora japonica-Leguminosae) on   
anti-osteoporosis. Phytomedicine 2006, 13, 718–723. 
10.  Wang, J.; Shang, F.; Mei, Q.; Wang, J.; Zhang, R.; Wang, S. NO-donating genistein prodrug 
alleviates bone loss in ovariectomised rats. Swiss Med. Wkly. 2008, 138, 602–607. 
11.  Bitto, A.; Burnett, B.P.; Polito, F.; Marini, H.; Levy, R.M.; Armbruster, M.A.; Minutoli, L.;   
di Stefano, V.; Irrera, N.; Antoci, S.; et al. Effects of genistein aglycone in osteoporotic, 
ovariectomized rats: A comparison with alendronate, raloxifene and oestradiol. Br. J. Pharmacol. 
2008, 155, 896–905. 
12. Bitto, A.; Burnett, B.P.; Polito, F.; Levy, R.M.; Marini, H.; di Stefano, V.; Irrera, N.; Armbruster, M.A.; 
Minutoli, L.; Altavilla, D.; et al. Genistein aglycone reverses glucocorticoid-induced osteoporosis 
and increases bone breaking strength in rats: A comparative study with alendronate. Br. J. 
Pharmacol. 2009, 156, 1287–1295. 
13. Bitto, A.; Polito, F.; Burnett, B.; Levy, R.; di Stefano, V.; Armbruster, M.A.; Marini, H.;   
Minutoli, L.; Altavilla, D.; Squadrito, F. Protective effect of genistein aglycone on the 
development of osteonecrosis of the femoral head and secondary osteoporosis induced by 
methylprednisolone in rats. J. Endocrinol. 2009, 201, 321–328. 
14. Marini, H.; Minutoli, L.; Polito, F.; Bitto, A.; Altavilla, D.; Atteritano, M.; Gaudio, A.;   
Mazzaferro, S.; Frisina, A.; Frisina, N.; et al. Effects of the phytoestrogen genistein on bone 
metabolism in osteopenic postmenopausal women: A randomized trial. Ann. Intern. Med. 2007, 
146, 839–847. 
15. Adlercreutz, H.; Honjo, H.; Higashi, A. Urinary excretion of lignans and isoflavomoids 
phytoesrogens in Japanese men and women consuming a traditional Japanese diet. Am. J. Clin. 
Nutr. 1991, 54, 1093–1100. 
16.  Kimira, M.; Arai, Y.; Shimoi, K.; Watanabe, S. Japanese intake of flavonoids and isoflavonoids 
from food. J. Epidemiol. 1998, 8, 168–175. 
17.  Nakamura, Y.; Tsuji, S.; Tonogai, Y. Determination of the levels of isoflavonoids in soybeans and 
soy-derived foods and estimation of isoflavonoids in the Japanese daily intake. J. AOAC Int. 2000, 
83, 635–650. 
18. Fukutake, F.; Takahashi, M.; Ishida, K.; Kawamura, H.; Sugimura, T.; Wakabayashi, K. 
Quantification of genistein and genistin in soybeans and soybean products. Food Chem. Toxicol. 
1996, 34, 457–461. 
19.  Foord, S.M.; Bonner, T.I.; Neubig, R.R.; Rosser, E.M.; Pin, J.P.; Davenport, A.P.; Spedding, M.; 
Harmar, A.J. International union of pharmacology. XLVI. G protein-coupled receptor list. 
Pharmacol. Rev. 2005, 57, 279–288. 
20.  Potts, J.T. Parathyroid hormone: Past and present. J. Endocrinol. 2005, 187, 311–325. 
21.  Neer, R.M.; Arnaud, C.D.; Zanchetta, J.R. Effect of parathyroid hormone (1-34) on fractures and 
bone mineral density in postmenopausal women with osteoporosis. N. Engl. J. Med. 2001, 344, 
1434–1441. Int. J. Mol. Sci. 2012, 13                 
 
 
70
22. Dempster, D.W.; Cosman, F.; Kurland, E.S.; Zhou, H.; Nieves, J.; Woelfert, L.; Shane, E.; 
Plavetić, K.; Müller, R.; Bilezikian, J.; et al. Effects of daily treatment with parathyroid hormone 
on bone microarchitecture and turnover in patients with osteoporosis: A paired biopsy study.   
J. Bone Miner. Res. 2001, 16, 1846–1853. 
23.  Zhou, H.; Shen, V.; Dempster, D.W.; Lindsay, R. Continuous parathyroid hormone and estrogen 
administration increases vertebral cancellous bone volume and cortical width in the   
estrogen-deficient rat. J. Bone Miner. Res. 2001, 16, 1300–1307. 
24.  Yang, D.; Singh, R.; Divieti, P.; Guo, J.; Bouxsein, M.L.; Bringhurst, F.R. Contributions of 
parathyroid hormone (PTH)/PTH-related peptide receptor signaling pathways to the anabolic 
effect of PTH on bone. Bone 2007, 40, 1453–1461. 
25.  SPSS software, version 13.0; SPSS, Inc.: Chicago, IL, USA, 2004. 
26.  Beral, V.; Million Women Study Collaborators. Breast cancer and hormone-replacement therapy 
in the Million Women Study. Lancet 2003, 362, 419–427. 
27.  Messina, M.J. Legumes and soybeans: overview of their nutritional profiles and health effects.  
Am. J. Clin. Nutr. 1999, 70, 439–450. 
28.  D’Anna, R.; Cannata, M.L.; Atteritano, M.; Cancellieri, F.; Corrado, F.; Baviera, G.; Triolo, O.; 
Antico, F.; Gaudio, A.; Frisina, N.; et al. Effects of the phytoestrogen genistein on hot flushes, 
endometrium, and vaginal epithelium in postmenopausal women: A 1-year randomized,   
double-blind, placebo controlled study. Menopause 2007, 14, 648–655. 
29.  Sapronov, N.S.; Kasakova, S.B. Effects of synthetic and plant-derived selective modulators of 
estrogen receptors on depression-like behavior of female rats. Bull. Exp. Biol. Med. 2008, 146, 
73–76. 
30.  Atteritano, M.; Pernice, F.; Mazzaferro, S.; Mantuano, S.; Frisina, A.; D’Anna, R.; Cannata, M.L.; 
Bitto, A.; Squadrito, F.; Frisina, N.; et al. Effects of phytoestrogen genistein on cytogenetic 
biomarkers in postmenopausal women: 1 year randomized, placebo-controlled study. Eur. J. 
Pharmacol. 2008, 589, 22–26. 
31.  Taylor, C.K.; Levy, R.M.; Elliott, J.C.; Burnett, B.P. The effect of genistein aglycone on cancer 
and cancer risk: A review of in vitro, preclinical, and clinical studies. Nutr. Rev.  2009,  67,  
398–415. 
32.  Huang, C.C.; Hsu, B.Y.; Wu, N.L.; Tsui, W.H.; Lin, T.J.; Su, C.C.; Hung, C.F. Anti-photoaging 
effects of soy isoflavone extract (aglycone and acetylglucoside form) from soybean cake. Int. J. 
Mol. Sci. 2010, 12, 4782–4795. 
33.  Lynch, M.P.; Capparelli, C.; Stein, J.L.; Stein, G.S.; Lian, J.B. Apoptosis during bone-like tissue 
development in vitro. J. Cell. Biochem. 1998, 68, 31–49. 
© 2012 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article 
distributed under the terms and conditions of the Creative Commons Attribution license 
(http://creativecommons.org/licenses/by/3.0/). 